The effects of the change in calibre are not entirely clear. The fact that quite gross irregularity can persist for weeks or months without causing symptoms suggests strongly that dilatation of the weaker zones may be accurately balanced by contraction of the stronger zonesin other words that autoregulation does not necessarily break down. Nevertheless, it is usually only a matter of time before rats with this degree of hypertension develop serious or fatal symptoms which mimic quite closely the acute cerebral crisis of human hypertension. In such animals vital staining with intravenous trypan blue reveals multiple foci of acute vascular damage in the cerebral grey matter. In the early stages of a crisis these are minute zones of oedema in an otherwise normal cortex. But if the symptoms persist the cedema will spread rapidly to cause coma and death unless promptly corrected. The logical way to correct leakage from damaged hypertensive arteries is to arrest the leakage at source by lowering the blood pressure. In man, venesection does this, often with dramatic results. In the rat equally dramatic but permanent cure is effected by removing the clip from the renal artery.
These experimental findings have some bearing on the human problem. For over a century clinical opinion on the cause of acute cerebral crises has wavered between excessive constriction (spasm) and excessive dilatation of the cerebral arteries. The observation that both changes are present not only in the same subject but also in contiguous parts of the same artery illuminates but does not resolve the controversy. The overall appearance in the rat brain is one of intense vasoconstriction and pallor; and obliterative spasm of arteries of all sizes has been recorded by several independent observers (Meyer et al. 1960 , Rodda & Denny-Brown 1966 and can no longer be dismissed as mythical or an optical illusion. But whether the observed spasm obstructs the circulation in a vascular tree as rich in anastomoses as that of the brain must remain uncertain until it becomes possible to record continuously the local cerebral blood flow before, during and after crises.
Meanwhile indirect evidence from a growing number of sources (Byrom & Dodson 1949b , Giese 1966 suggests that the main threat to the vessels, as distinct from the brain tissue, comes from overdistension of the less conspicuous but more vulnerable zones of dilatation, leading suddenly and more or less simultaneously to necrosis of the medial muscle fibres and extrusion into and through the vessel wall of blood, plasma or ultrafiltratethe essential lesion of malignant hypertension. Perhaps the most interesting lesson to be learnt from the experimental animal is that the morbid process underlying the acute crises and malignancy in severe hypertension can be rapidly reversed by correcting the hypertension. To move from the experimental to the clinical arena, as far as cerebral blood flow is concerned, is to go from the precision of the kind of work described by the previous speaker to a field where the gap between the desirable and the possible remains much wider than we should like. Problems in the dimensions both of space and time immediately present themselves in the clinical context. In the experimental situation a reasonable assumption is that the vessel measured, or the part of the brain looked at, is a sample from a homogeneous universe, the whole of which is behaving in like fashion; by contrast clinicians are much more concerned with regional or local alterations in flow such as the effect on a specific area of brain of occlusion of a particular vessel. Estimations of total blood flow, as by the Kety-Schmidt technique, are well known to remain normal in spite of obvious local deficiencies. Similarly, measurements of flow in the neck vessels by flowmeters give no information about what is happening distal to that beautifully conceived, but often faultily executed, distributing manifold, the circle of Willis. Time, as well as space, is against us because we are limited to making observations over brief periodsspot checks of what is often a changing and dynamic situation.
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This preamble is an explanation of, rather than an apology for, the meagre results which are available after several years of work in the small number of centres which have been concerned systemsfor bloodflow measurements in brain. A, although more emissions from a point source ofisotope on the more superficial line will reach the detector, a greater number ofpoint sources will be 'seen' on the more distant line. Absorption ofenergy bypassage through increasing thickness oftissue is largely compensated by the increasing volume countedfrom, as distancefrom the crystal increases. Almost as much activity will be recordedfrom the distant as from the nearerpart ofthe brain, provided the isotope is evenly distributed; the overlap ofthe cones cannot therefore be ignored. B, counting beta emissionsfrom exposed cortex; only isotope in the superficial 3 mm ofcortex is detected. (After Jennett 1967) with cerebral blood flow measurements in man in various countries. This is not the occasion to discuss in detail the various techniques available for cerebral blood flow measurements in man, which in any event have been comprehensively reviewed recently (Harper 1967) in the Scottish Medical Journal's Symposium on Strokes. I intend to confine myself to making some comparisons between the inert gas clearance method and the circulation time technique, because to judge from the asperity of some recent confrontations in the Lancet there is a danger of misunderstanding impeding progress in this emerging field. Lassen & Ingvar (1961) in Scandinavia described the radioactive inert gas clearance method, as applied to experimental animals, and the first clinical application was reported from Glasgow in 1964 by Harper et al. A diffusible gas, xenon 133 orkrypton 85, isinjected into the carotid artery and after the injection is stopped the rate of clearance (as indicated by the decay of radioactivity) is measured, and gives an index of flow. These gases are excreted through the lungs in a single circulation (provided there is no pulmonary dysfunction), and arterial recirculation is estimated at less than 5 %. When the cerebral cortex is exposed, as in many animal experiments, the beta emissions can be recorded and as these soft radiations travel only a few millimetres in tissue the Geiger counter records only flow through the cortex (Fig 1) ; much experimental work is based on this technique, e.g. studies on autoregulation (Harper 1966) . But in man we are restricted in most situations to external monitoring of gamma radiations, which are so energetic that the detector, a sodium iodide crystal, receives almost as much radiation from the more distant as from the nearer hemisphere or lobe; as the area (or rather the volume) counted from is greater the further the distance from the detector this compensates for the fall-off from the tissue absorption (Fig 1) . This fact of geometry puts a strict limitation to all efforts at discriminating between closely adjacent parts of the brain.
Injections in the internal carotid ensure that only the cerebral flow is measured, and from the exponential curve obtained two components can be recognized on a semi-logarithmic plot (Fig 2) ; the fast component is believed to represent mainly grey matter and the slow white (Harper & Jennett 1968 ). Injections into the common carotid inevitably distribute isotope also to the scalp and muscle from which there is a much slower clearance, so that a third component can be COUNTS discerned. It is a matter of considerable mathematical complexity to subtract this third component but if this could be done using computer analysis the inhalation method of Veall would present a more attractive proposition. In this method the clearance curve is obtained after the gas has been administered by inhalation, which of course avoids the necessity for needling the carotid artery. This appreciable advantage is offset, in our view, by the problems of re-circulation and scalp contamination and of distributing isotope to the whole brain; the gamma radiation is difficult then to identify as coming from different, regions because of the limitations of collimator geometry (Hoedt-Rasmussen & Skinhoj 1967) .
We are currently making use of the carotid xenon method in three clinical contexts:
(1) To indicate to the surgeon during carotid ligation the relative safety of ligating the internal and common carotid arteries and the likely risk of hemiplegia if either artery is permanently occluded. We have found consistently that if the regional cerebral blood flow (rCBF) is reduced by more than 25 % in the frontotemporal region during internal carotid clamping then some degree of hemiparesis always ensues (either immediately or after a period); this complication was never seen in cases with a lesser reduction of flow (Jennett et al. 1966 ).
The degree of reduction of flow which is dangerous surprises many doctors but it must be remembered that this is a measure of the microcirculation in the brain and not of flow in a proximal artery. In a number of cases common carotid clamping has produced a steal down the internal carotid, which is immediately evident using this method; Tindall et al. (1963) have also demonstrated this reversed flow with electromagnetic flowmeters. We have also confirmed in quantitative terms the observation familiar to neurosurgeons that whereas clamping the carotid may produce no signs of cerebral ischaemia, ligating it may. In two patients we have recorded less than 25 % reduction in flow during clamping of the vessel, whilst when the vessel was tied the flow fell much more catastrophically and hemiparesis ensued, which was reversed by cutting the ligature. We therefore always check the flow after ligation.
(2) The effect of endarterectomy on rCBF is a subject of controversy seldom supported by measurements; O'Brien et al. (1967) found no significant change in 10 patients studied before and after operation using the inhalation method; this may have been due to overlap between normal and affected areas of brain. However, in 2 cases out of 6 we have demonstrated a striking increase in flow immediately after endarterectomy. We made an interesting observation during one endarterectomy in a man who had complete right internal carotid artery occlusion with partial left hemiplegia, and stenosis on the left side; both vertebral arteries were large and healthy. We debated how critical the stenosed vessel was and whether it should be operated on, as there were no signs of ischimia of that hemisphere and as we had a number of patients with bilateral carotid occlusions with no clinical evidence of cerebral ischinmia. The effect on rCBF of clamping the common carotid below the stenosis under general anesthesia and breathing oxygen at 2 atmospheres absolute left us in no doubt; there was total arrest of the micro-circulation with no clearance of xenon over two minutes, but as soon as the clamps were removed clearance began (Fig 3) . During the period of arrest the EEG became completely flat and after release recovered. Endarterectomy was successfully completed using a bypass.
Right Internal Carotid Occlusion, Left Internal Carotid Stenosis
(3) It is claimed that hyperbaric oxygen produces a striking relief of symptoms in patients in coma from raised intracranial pressure (Sukoff et al. 1967) . This is ascribed to reduction in intracranial pressure secondary to cerebral vasoconstriction, which in hyperbaric conditions does not produce hypoxia. We have therefore been using the opportunity afforded by performing carotid surgery in the hyperbaric chamber to explore the effect of oxygen breathing at 2 atmospheres on cerebral circulation. It appears to produce very little change. The inert gas clearance method gives an accurate quantitative absolute measure of cerebral blood flow in ml per 100 g per minute and is ideally suited to carotid surgery. The Scandinavians use it as an extension of percutaneous angiography and we too are exploring this application; normally the puncture for an angiogram is into the common carotid, but isotope injections into this vessel give rise to difficulties in interpretation which we are endeavouring to overcome, because internal carotid cannulation carries some risk to arteriopathic patients; whichever artery is injected not all radiologists welcome the flow measurements beginning at the end of a routine angiogram. Clearly the time is ripe for a simpler methodone possible answer is to use the inhalation method with xenon, the limitations of which have been mentioned. An alternative is based on a different conceptthat of measuring the circulation time through the head as a whole of a bolus of gamma-emitting non-diffusible isotope which has been injected intravenously. Using a differentiating circuit a secondary curve is obtained which records rate of change (of gamma activity) against time (Fig 4) . The method was described by Oldendorf & Crandall in 1961 but attracted little interest until the last year during which Taylor has reported three studies from Belfast: the first recorded a slowed circulation in patients with post-concussional syndrome (Taylor & Bell 1966) , the second a slowed circulation associated with angiographic evidence of cere-brovascular spasm after subarachnoid haemorrhage (Kak & Taylor 1967a) and the third a decreased circulation time following the use of a proprietary antispasmodic in geriatric patients (Ball & Taylor 1967) . Taylor has been criticized for drawing conclusions about flow from estimations of circulation time (Lassen 1967 , James 1967 . He has replied: 'The assumption that cerebral blood flow is a reciprocal of mean circulation time will not lead to error at the clinical level' (Kak & Taylor 1967b ).
On the validity of this claim rests the future of this method as a scientifically acceptable technique. Its simplicity will almost certainly lead to its widespread adoption whatever the theoretical protests are. It therefore seemed to us important to attempt to validate this method against a technique of known reliability and Harper and I have therefore deflected part of the effort of our team in Glasgow to a comparative study in baboons. The crucial question is the relationship between volume flow and velocity flow; theoretically the vasodilatation of the cerebral vessels which follows moderate hypotension could lead to a decreased velocity but no change in volume flow. To find out what happens in vivo we are carrying out simultaneous measurements after xenon carotid injection and intravenous iodinated Hippuran or technetium in baboons. Pilot studies suggest that the relationship between volume flow and velocity flow is not linear under conditions of moderate hypotension or in conditions with reduced blood viscosity (Harper et al. 1968 ). We hope to stake out the limits within which there is a linear relationship between velocity and volume flow and it might then be valid to use this method provided certain conditions were imposed. Dr Harper has suggested that criticism of this method might be assuaged if the term 'velocity index of circulation' (VIC) were used for this measurement thus avoiding all reference to the word 'flow'.
At the same time we have adapted Taylor's clinical techniquehe used a single detector to take in the whole head and used injections of iodinated Hippuran; we have used two detectors for comparing the right and left hemispheres, and have used technetium 99m which involves a very much lower radiation dose. The difference that may be found between the two sides of the head is shown in Fig 5. As a pilot study we have measured the circulation time in all patients undergoing routine brain scanningthis has simply meant that when the intravenous injection was being given prior to scanning we arranged to record the circulation time through the head. It seems unwise to measure any event other than the peak to slwe on left clearance time on the differentiated (secondary) curve ( Fig 5) ; attempts to draw conclusions about the circulation from the angles of the ascending and descending slopes of the primary curve seem unlikely to yield meaningful information as so many factors can affect these parts of the curve. In the present state of knowledge it seems unwise to claim more than that this is a technique which calls for critical evaluation because its relative simplicity would make it possible to apply it in a wide variety of circumstances. It seems likely that information about blood flow may come to form as much part of the investigation of cerebrovascular clinical problems as angiography now is. But a good deal more work must be completed in perfecting techniques and establishing criteria before these methods can provide reliable and meaningful information, and only then should they be made generally available.
